In recent years, Facility Agriculture has been greatly developed in China, but there are still some problems. The application of Internet of Things point out a new orientation for the development of facility agriculture. In this paper, definition and features of IOT was described in details based on facility agriculture and IOT key technologies which were applied in facility agriculture were summarized. This paper finally introduced the present application of IOT in the facility agriculture and predicted its future trends.
Introduction
"Internet of Things" is known as the third wave of global information industry after computer and internet [1] .And it is highly integration and comprehensive application in a new generation of information technology, the application of IOT in facility agriculture has led to the development of modern agriculture. According to the Internet of things development report submitted by EPoSS in 2009 [2] , the types of Internet of Things are divided into 18 categories, among them, the "Internet of things" agriculture and aquaculture is one of the most important development orientation. Facility agriculture refers to provide controllable environmental conditions for the growth of plants and animals by modern industrial and technological achievements and methods, which is an important component of modern agriculture. The application of IOT technology in facility agriculture is expected to greatly decrease facility agricultural production cost and increase its economic benefit. In recent years, with the development of precision agriculture, the Internet of things technology has been widely applied in facility agriculture. The application of sensor technology, RFID technology and WSN enable greenhouse environment parameters to be measured accurately and to be transmitted, which makes Expert System and intelligent control equipment available. In addition, to reduce the production cost, guarantee the rational use of natural resources, improve the ecological environment, precision irrigation and fertilization are used during the growth cycle of plants and animals. Then traceability system of farm produce is effective in guaranteeing the safety of agricultural products and improving the quality of them [3] . As the excess consumption of resources, frequent occurrences of food safety accidents and the deterioration of the environment have drawn more and more people's special attention, the Internet of Things application in facility agriculture is an important way to solve these problems and realize sustainable development of agriculture.
Definition and features of Internet of Things
In 2005, the international telecommunication union (ITU) issued the ITU Internet Reports 2005: The Internet of Things, formally put forward the concept of "Internet of Things" [4] .IOT refers to a kind of network which aims to realize intelligent recognition-based localization, tracking, monitoring and management by cognitive unit according to the agreed protocol for exchange of information [5] . The application of IOT technology in facility agriculture include agricultural production, operation management and service. Specifically, it is widely collected horticulture, aquaculture, livestock and agricultural logistics and other agriculture-related information through many types of sensors; Wireless sensor network, telecommunication network and the Internet and other modern information transmission channel through the establishment of data transmission and format conversion are integrated in order to accomplish multi-scale(a domain, horizon, area, region) transmission of agricultural information; and then the massive agriculture information is to be fused, finally the goals of higher production, higher efficiency and higher quality will be achieved through the automation production, optimum control , intelligent management, systematic logistics, electronic trading in the intelligent terminal operation for agricultural production [6] .
Therefore，IOT is an information system which is made up of perception layer, transport layer and application layer [7] .The application of IOT in facility agriculture is also based on "perceptiontransport-application" mode. It's is possible to collect data from animal and plant thoroughly anywhere at any time in the perception layer by using sensor technology, RFID technology, 3S technology, bar code technology etc. The transport layer is used to transmit the information from plants and animals to the upper control command and interact it safely and reliably in real time though integrating various telecommunication network and Internet. In the application layer, all kinds of intelligent technology such as cloud computing technology, fuzzy recognition technology and virtual expert system are applied in the data center to analyze and process massive data, and then intelligent control is available, which also provide support for rational production. The Internet of things application in facility agriculture The application background of IOT in facility agriculture. At present, facility agriculture has developed to a rather high level, especially facility horticulture and intensive animal production have formed into certain scale, some more advanced countries like Netherlands, Japan, the United States, Israel and other countries. Facility agriculture in these countries start early, develop fast and have high standard of integrated environmental control [8] . Facility agriculture in china has gain great achievement by the development of years, gardening establishment has covered the areas over 3500 square kilometers in 2010, among them solar greenhouse covered more than 800 square kilometers. In terms of aquaculture, the scales of mariculture and fresh water aquaculture have reached 1560 square kilometers and 43.58 million square meters respectively [9] . However, there are still some problems which mainly display lower level of facilities, poor technology and poor management level compared with developed countries.
With the rapid growth of IOT applications in market all across the world, it won't be long before IOT move toward a comprehensive business application along with the further development of communications equipment and management software technology and the reduction of product cost related to IOT technology. Given that wireless communication network is essential infrastructure for Internet of Things applications, it has been established covering urban and rural areas in our country anywhere at any time, which provide a basis for Internet of things technology to be widely used for agricultural Information [10] . Information collection system based on IOT and the advanced 3g technology rapidly promotes the level of facilities agricultural Information. Crop management based on precise measurement of environmental parameters can be accurate to each square meter, even to each plant, which greatly improve the management level. Instant guidance for manager from expert is also available through expert online consultation system based on IOT, which makes up for the technical limitations and brings a new level of protected agriculture technology. Internet technology can make the crop grown in ideal conditions so as to improve the output and nutrition value of products. Pesticide residues can be reduced by precise pesticides spraying in order to increase the quality safety level of agricultural products and make the economic benefits assured as well. Finally, agricultural products traceability function by using IOT make
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Machine, Industry and Manufacturing Based on Applied-Information Technology IV consumer at ease go buying and enjoy the produce, which improve products market competition [11] . Therefore, it is possible for protected agriculture to develop rapidly through the IOT application. Key technologies of IOT applications in facility agriculture IOT perceptual technology. The key technologies of IOT perception layer including RFID technology, sensor network and detection technology, intelligent technology were mentioned earlier.
The traditional sensor is experiencing a development process in which continuously enrich the connotation of the sensors from dumb sensor to smart sensor and embedded web sensor, sensors are gradually moving towards miniaturization, intellectualization, information, and networking [12] .
Since RFID has long performance life, long reading distance, data on label encrypting, great capacity, and stored information free altering, it has developed rapidly in recent years and become one of the core technologies of Internet of Things [9] . The comprehensive and reliable technology of information perception is the basis of IOT for applying to facility agriculture, and is also a guarantee for the high-tech proportion, high input, high output and high profit of facilities agriculture. IOT transport technology. Wireless sensor network(WSN) is an integrated intelligent information system, which can process and transmit the gathered information. With flexible network mode and installation method, it has been extensively studied since it is not only miniaturized, cheap and low-power, but also suitable for moving targets. ZigBee technology is a unified standard, short-range wireless communications technology, with the characteristics of low power, low cost and versatility [13] , however, it suffers from great limitation of transmission distance, accuracy and real time owing to weaknesses of penetration and anti-interference. My team is doing research on a new type of wireless communication technology named super Wi-Fi, we will continuously improve the performances of super Wi-Fi in order to make it not only in terms of real-time capability and reliability comparable to ZigBee technology but also in term of the ability of anti-interference and long distance transmission superior to it. Furthermore, the study of Wi-Fi, Bluetooth, UWB and other wireless communication technology application in facility agriculture is also a hotspot. Table  1 compares performance of several kinds of communication technologies. IOT intelligent processing technology. IOT Intelligent processing technology is applied to pre-processing data, index query, analysis and calculation mainly including large data processing, data mining technology, forecasting warning technology, artificial intelligence technology (such as expert system and decision support system) etc. At present, Internet of things of agriculture intelligent processing technology has been widely used all over the world [14] .
The application status of Internet of things in facility agriculture Greenhouse precision measurement and control.In terms of facility horticulture, intel (2002) established the first wireless vineyards where sensor nodes are distributed in every corner, every 1 min to detect soil temperature, humidity, or the amount of pests in the area so that the healthy growth of grapes and a bumper harvest could be guaranteed [15] , which is the earliest application of sensor in the environmental measurement and control. Mizunuma(2003) configured with a wireless local area network (WLAN) for farmland and greenhouse which is used to monitor the growth of the crops so that long-distance control of agricultural production system is possible [16] . Compared with developed countries, the researches of application of IOT in greenhouse precision measurement and control started relatively late, and mostly are in a primary phase of development. Yiming Zhou etc. done research on routing method and data fusion processing method of wireless sensor network monitoring system for greenhouse group , and designed the control system in greenhouse group based on ZigBee wireless sensor network [17] . Zhongfu Sun developed a plan based on GPRS technology and Web technologies of remote data collection and information distribution system in Chinese academy of agricultural sciences, the system can not only browse collected data via a browser in real time, but also can check the history database, it is a system that has already come into operation [18] .
In terms of facilities farming, some dairy farms in Europe and the United States has developed and applied passive cow number automatic recognizer to provide cow individual productivity and physiological health information for breeding management in precision which could decrease cost and increase benefit since the late 1970s [19] .Electronic label has been installed in the Colo -rado sheep by Parson etc. in 2005which has improved the efficiency of the sheep management [20] . In china, Xie Qi etc. [21] and LiWei Geng etc. [22] (2009) respectively designed and implemented porcine breeding management and monitoring system and dairy cattle identification system based on RFID. In terms of facility aquaculture, Fangdong Wu has designed a kind of automatic monitoring and control system based on ZigBee technology by adopting the wireless sensor network technology [23] .
Precision irrigation. American is the earliest country in studying precision irrigation, precision irrigation in USA has been widely spread in field and greenhouse around 2010.In addition, Israel has earlier research for crop irrigation, it adopt modernise drip irrigation and micro sprinkling irrigation system [24] . Damas etc. (2001) developed and test a distributed remote control automatic irrigation system for greenhouse precision irrigation, this test showed that the system could save on average 30% and 60% of water consumption [25] . A drip irrigation control system (2009) was established by China agricultural university in Xinjiang, which could automatically monitor soil moisture information, On the one hand, this system could drip automatically in accordance with soil moisture so as to achieve the purpose of saving water, On the other hand, it could irrigate accurately according to soil moisture and water use orderliness so that the problem of low utilization of irrigation water could be solved effectively [11] . Jun Gao etc. have designed water saving irrigation control system based on ZigBee technology in combination with the wireless sensor network and GPRS network [26] . Ting Yang designed an automatic control of wireless sensor networks trickle 520
Machine, Industry and Manufacturing Based on Applied-Information Technology IV irrigation system based on CC2430, this system could monitor the change of soil moisture, environmental temperature and illumination, signal was feedback through the wireless sensor network, and then accurate judgment was made by combining sensor fusion technology [27] . The traceability of produce safety system.Japan and developed European countries has required food-related enterprises to track food processing and circulation of the entire process since 2000, which was the source of food traceability [28] . Spiessl-Mayr E etc. improved and optimized the pork traceability system by RFID [29] . By comparison, Animal food safety traceability system based on RFID has been established in over 10 provinces in China by which improving the efficiency of supervision organization and the level of food safety. JuFang Xie, Xudong Sun [30, 31] designed pork traceability system using 2D barcode technology, RFID technology and component technology [30] .
Summary and expectation
In conclusion, developed countries' research on the application of IOT technology in facility agriculture started earlier and a tremendous amount of development have been done in this area. By contrast, as an emerging thing in china, it is in the early stage during which doing some research while doing some demonstration. The problems of standard constitute of IOT, key sensor technology, technology popularization and application costs hinder the rapid development of IOT technology in facility agriculture in our country. Under these circumstances, it is essential to develop new type sensor with high performance such as low consumption, high accuracy, adaptive to severe environment and also work to lower costs. Various performances of the new sensors and the characteristics of agricultural production environment set a higher request for data transfer of Internet of things of agriculture. It is the developing direction of future IOT technology in facility agriculture in our country that doing further research on low power consumption of the network security technology, anti-interference techniques and dynamic inter-networking technology, establishing related technical standards, improving the application of the Internet of things technology environment constantly.
